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Abstract

Background: Spinal cord stimulation (SCS) is an effective treatment option to relieve chronic intractable pain, and failed back
surgery syndrome (FBSS) is a key indication.

Objectives: The objective of the current study was to analyze the cost consequences of using non-rechargeable (NR)-SCS and
rechargeable (R)-SCS.

Methods: Real data taken from a review of 86 patients were used to simulate costs and review which patients might have benefitted
more from R-SCS. Calculations were made to see what is the impact from a monetary point of view.

Results: On average, NR-SCS devices lasted for 58 months (M). Only 14 patients were not eligible to receive an R-SCS implant. We
found that using R-SCS batteries would save up to €56.322 on average over a patient’s life expectancy, which means a saving of 43%
compared to using NR-SCS systems. In our analysis, we found that if R-SCS implants were used instead of NR-SCS batteries, a saving
of €5,735,334.23 over patients’ life expectancy would be made, which represented a 63% saving to the public health system. We found
that R-SCS was cost-beneficial from second year compared to NR-SCS, saving up to 70% when patients are implanted for 9 years.
Conclusions: This cost-consequences analysis suggests that R-SCS implants are more cost-beneficial than NR-SCS systems in well-

selected patient candidates for this type of treatment.
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1. Background

Spinal cord stimulation (SCS) is an effective treatment
option for pain relief in patients with intractable chronic
neuropathic leg(s) and back pain, commonly including
failed back surgery syndrome (FBSS), complex regional
pain syndrome (CRPS), and ischemic pain, like refrac-
tory angina pectoris (rAP), and peripheral vascular disease
(PVD) (1-4).

The cost-effectiveness of non-rechargeable spinal cord
stimulators (NR-SCS) was studied in a health technology as-
sessment (HTA)in the National Institute of Health and Clin-
ical Excellence (NICE) in the UKand was published by Simp-
son et al. (4), where it was compared to reoperation and
conventional medical medicine (CMM). In this HTA, they
found that SCS was more cost-effective than both CMM and
reoperation.

In 2010, Taylor et al. (5) extended the NICE analysis,
comparing NR-SCS and more costly rechargeable spinal
cord stimulation (R-SCS) systems with CMM. They con-
cluded that R-SCS was more cost-effective than NR-SCS as

long as the longevity of NR-SCS was 4 years or less, confirm-
ing the earlier findings by Hornberger et al. in the U.S (5,
6).

In the meantime, new stimulation designs have
entered the neuromodulation arena including high-
frequency SCS (HF-SCS) and burst SCS (B-SCS). Various
studies have consistently shown that they are at least
as good as traditionally applied tonic stimulation wave-
forms. What is even more is that the development of these
waveforms has led to paresthesia-free stimulation and can
even suppress the pain better than classical tonic stimu-
lation does (7-10). Furthermore in a recent multi-center
study, they found that burst stimulation further improved
the result in responders using tonic stimulation and it
had the potential to rescue non-responders to keep the
benefits of their implant (11).

In a study by Annemans et al. (12), they suggested
that HF-SCS was better than both NR-SCS and R-SCS with
tonic stimulation concerning the cost-effectiveness and
to obtain a greater number of quality-adjusted life-years
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(QALYs). In a study regarding response comparison and
budget impact modeling, Vancamp et al. (13) found that
burst stimulation is cost-effective in comparison to tonic
stimulation (with NR-SCS and R-SCS) and conservative
medical management.

In the healthcare environment we are currently in,
comparative clinical effectiveness and cost-beneficial ad-
ministration of applied therapies have attracted increas-
ing interest, as allocated public money needs to be spent
wisely. Therefore, it is wise not only to investigate the clin-
ical effectiveness and safety but also to estimate the poten-
tial cost-effectiveness of these devices and novel therapy
options (12).

2. Objectives

In this study, we did not aim to study the cost-
effectiveness, but rather the cost-benefit and conse-
quences of NR-SCS versus R-SCS.

3. Methods

The study was designed to compare the cost reductions
between R-SCS and NR-SCS systems in patients implanted
with either system between 2005 and 2011. Calculations
were based on a population of 86 patients with SCS im-
plants. Ethical Committee approval for this study was ob-
tained from the “Comité de Etica de la Investigacion de la
Fundacion Jimenez Diaz”, Madrid, Spain.

The average age of the patients was 56 years (SD =
14 years; range = 32 - 84) and the gender distribution in
the sample was 69.8% (n = 61) females and 30.2% (n = 27)
males. All patients in the sample were diagnosed with
FBSS and underwent pain management therapies accord-
ing to the best clinical practices before being considered as
candidates for implantation of a neuromodulation device,
like conventional treatment, rehabilitation, and interven-
tional approach. All patients followed a rigorous clinical
investigation and screening process to ensure and confirm
the diagnosis of therapy-refractory FBSS, as well as to rule
out any exclusion criteria (e.g. coagulopathy, neuropsy-
chiatric disorders, cardiac pacemakers, pain medication
abuse, and the more).

After a trial period of 15 days, patients received their
NR-IPG implants and were further followed up at the pain
clinic as per standard practice.

In this study, 55 patients were implanted with a dual
quattrode™ and Genesis™ implantable pulse generator
(IPG) (St. Jude Medical, Inc., Minneapolis, MN). The remain-
ing 31 patients received either a dual Pisces Quad™ (n=18)
with Synergy™ NR-IPG or a single Pisces Quad™ connected

toa Versitrel™ (n=11) or Itre] 3™ NR-IPG (n =2) (Medtronic,
Inc., Minneapolis, MN).

The life expectancy of patients was calculated accord-
ing to the National Statistical Institute and the sample was
analyzed at 10-year intervals from birth to 100 years of
age, determining, according to the life of the device im-
plemented, the number of replacements that each patient
would require, bearing in mind that the life expectancy of
amale is 77.8 years and of a woman is 84.1 years (14).

In the cost reduction study, the average life of the
implanted device was valued depending on the type of
non-rechargeable device implanted to make a compari-
son between the use of a rechargeable system during the
patient’s lifetime (based on the starting age and life ex-
pectancy), compared to the use of a non-rechargeable sys-
tem.

To calculate the average life of each device, we used the
tables published by the two companies St. Jude Medical,
Inc. (Minneapolis, MN) and Medtronic, Inc. (Minneapolis,
MN) found in their implant manuals; this was the only way
to empirically calculate the estimated duration of the NR-
SCS systems (15, 16). Costs were considered both the cost
of the device and the cost of necessary accessories for its
correct operation, such as the cost of the intervention and
the cost of possible adverse effects.

For the economic analysis, we valued costs according
to the expenses caused by the procedure. The expenses
were associated with both the devices and the intervention
necessary to carry out the implants. Concerning the ex-
penses associated with the surgery, the human and phys-
ical resources needed to carry out the intervention were
analyzed. The operating room staff included one attached
pain unit, one anesthesiologist, one assistant, one radiodi-
agnostic technician, one nurse, one nursing assistant, and
one caretaker; operating room material; stay in day hospi-
tal care; day hospital staff: 1 attached pain Unit, 2 nurses, 1
nursing assistant and healing material in day hospital; we
have to take into account the expenses of surgical compli-
cations and in NR-SCS the expenses of a replacement reop-
eration in each patient.

All expenses were considered with the estimated time
for the intervention of one hour so that in all cases we
could do the calculation over time. The procedure was an-
alyzed with the costs incurred in an hour of work.

Indirect costs of loss of salaries or productivity and the
time spent with careers were omitted because there is a
general consensus that there will be little difference in the
loss of work and the use of indirect careers. For the analy-
sis, data obtained in the publications of the Sanidad Pub-
lica bulletins and all economic values were expressed in
Euro (€).
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4. Results

Gender distribution analysis showed no differences be-
tween the groups regarding the average age. The average
life expectancy (life years left of the patient according to
the life expectancy in Spain) was 33 =+ 13.3 years, without
differences between the two groups in the study. The gen-
der distribution analysis predominated the female gender
(69.8%) over the male gender (30.2%), without differences
between the groups.

The average duration of non-rechargeable generators
was 58 months (M) (range = 5.9 -163.1 M; SD + 40.4 M), as
commented on this value, itis an approximation using the
parameters applied in the device for each patient. The as-
sessment of the duration of the systems considers in each
case theimpedance, the pulse width, the frequencyand the
amplitude that was programmed, as noted during the per-
formed telemetries.

About 40% (39.5%) of the patients using a non-
rechargeable implant presented a system duration of
more than 60 months. When we analyzed the results
by intervals, we found that 12.8% of the sample had a
duration equal to the duration determined by the FDA
for a rechargeable system of St. Jude Medical (a 10-year-
old device should operate at least 24 h between each
recharge) and 18.6% had a duration equal to a recharge-
able Medtronic system (a nine-year-old device will cease to
function automatically after this period) (15, 16).

In comparison with life expectancy, 98% of the sam-
ple patients were candidates for a rechargeable generator
when the study was conducted. When the duration of the
rechargeable generator was considered (considering a life
cycle of the device limited to 120 months), 86% of the sam-
ple patients were candidates for a rechargeable generator.
Once these two criteria, i.e., life expectancy and estimated
battery life, were applied, 14 patients were not candidates
for arechargeable generator. The main reason was that the
life of the non-rechargeable battery life was longer than
that of the FDA’s approved average battery duration for a
rechargeable system in 12 patients (12 of 14 patients; 86%).
In the other two patients (14%), the reason was to have a life
expectancy below the duration of the device at the time of
the analysis.

When we analyzed the distribution of the population
according to age and gender, no conclusions could be
drawn from the total study population. It can be high-
lighted that in the 30 - 39 years’ range (10 patients), a cost
reduction would be obtained compared to two patients in
which expenditure would be higher. In the 40 - 49 years’
interval, nine patients generated savings compared to 13
in which no cost reduction would be achieved and in the
50 - 59 years’ interval, four patients would reduce expen-
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diture by implementing a rechargeable system, compared
to seven who would not. When the costs arising from the
replacements were met, the percentage of the sample stud-
ied was 59% (Table 1).

In the comparison of the use of a rechargeable sys-
tem against a non-rechargeable system in the total stud-
ied sample (n = 86), depending on the life expectancy of
the patients, it was noted that the use of rechargeable de-
vices would result in an average savings of €56,322 per pa-
tient over their lifetime. This accounts for a 43% reduc-
tion of costs using a rechargeable system versus a non-
rechargeable system, taking into account that the price of
the non-chargeable system was €131777,62 and that of the
rechargeable system was €75445,47 during the lifetime of
a patient.

In this study, we found that in the total sample, there
were 41% of the patients in whom the rechargeable device
not only did offer no economic benefit but added the ex-
penditure to the process (an added cost of 74%) while 59%
of the sample showed the reduced costs of the procedure,
with savings of 61% of the costs (Figure 1).

The total cost of the procedure when the cost of the
device was included was €9,150,411.19 in patients with an
NR-SCS device compared to €3,415,076.96 with savings of
€5,735,334.23, representing a total saving of 63% to the pub-
lic health system over the life of a patientimplanted. When
the analysis was made based on the life of the R-SCS de-
vice, savings were 60% in favor of the rechargeable system
[€2,527,555.93 versus €1,019,269.76 (Table 2)].

As commented, there are cases in which the direct im-
plant of a rechargeable system implies an added expense
to the procedure. The cases in which it does not generate
savings are those cases in which the number of replace-
ments of the R-SCS device is similar to the number of re-
placements of the NR. This happens when the battery life
of the non-rechargeable device is very long because of the
patient’s characteristics and/or energy needs. This situ-
ation occurs when the batteries of non-rechargeable sys-
tems last: Versitrel™ > 40 months (3.3 years), Synergy™
> 63 months (5.25 years), Itrel 3™ > 40 months (3.3 years),
and Genesis™ > 53 months (4.4 years).

The final population of economic impact analysis was
51 patients with an elevated output energy need: 34 pa-
tients with Genesis, four patients with Versitrel™, and 13
patients with Synergy™. Within these 51 patients, the eco-
nomic figures were analyzed in two different assumptions:
1) A NR-SCS patient requiring replacement surgery with a
NR-SCS system and 2) a patient with a NR-SCS system who
underwent a R-SCS system replacement surgery. Integral
costs for battery changes included NR-IPG, personnel in the
OR, personnel in day hospital, materials used in the OR, the
hourly cost of the OR, and hourly cost of the day hospital.
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Table 1. Patient Candidates for an R-SCS System When the Three Parameters Were Applied: Life Expectancy, Battery Lifetime, and Costs of Battery Changes®

Life Expectancy Duration of R-SCS of the Same Replacement Costs During the Replacement Costs During the
Company Battery Lifetime of R-SCS Patients’ Life
Total candidates (n=86) 84(98) 74 (86) 47(55) 51(59)
No candidates 2(2) 12 (14) 39 (45) 35(41)

*Values are expressed as No. (%).
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Figure 1. Average costs of NR-SCS during the patients’ lifetime

Table 2. Final Costs of Replacements During the Lifetime of Patients with R-SCS and
NR-SCS

Group (N =51) Final Cost of Final Costs During the
Replacements During Lifetime of Patients, €
the Lifetime of R-SCS, €

NR-SCS 2,527,555.93 9,150,411.19

R-SCS 1,019,269.76 3,415,076.96

Difference -1,508,286.17 -5,735,334.23

Savings, % -60 -63

Similar costs are used for battery changes of an R-IPG; the
price of an NR-IPG generator would be €8,491.5 compared
to €17,031.8 of an R-IPG; the rest of the costs was the same
in both cases, corresponding to the overall of both surg-
eries; depending on whether the implant was NR-IPG or R-
IPG, the final difference was €11,289.5 versus €19,829.8.

In the analysis of patients with high energy needs (n
= 51), a more detailed study was conducted and the aver-
age cost of R-SCS systems relative to NR-SCS systems was
analyzed over the lifespan of the patients per age-group.
It was observed that the percentage of savings obtained
was proportional to the average duration of the NR-SCS de-
vice in these age groups. Patients with an R-SCS device who
generated higher savings (79% savings) were those with

higher energy needs: 16 months’ battery duration and 50 -
59 years of age (Figure 2).

Finally,a comparative analysis was carried outin which
we obtained the difference in costs generated by the use of
the R-SCS device compared to the NR-SCS during the life of
arechargeable device. We considered a minimum of nine
years. The analysis was carried out for the energy profile of
the sample of patients with high needs: an average of 30
months duration of the NR-SCS device. The analysis only
considered the cost of the devices and the cost of replace-
ment surgery. No adverse effects were included. The nega-
tive percentages represented savings when using the R-SCS
system rather than the NR-SCS system.

It was observed that, throughout the life of the device
(nine years), the average saving would be 56%, equal to
€26,512, per patient for the analyzed population (Figure 3).

The average replacements during the calculated life-
time of patients would be 9.2 replacements in our study
when using NR-SCS systems versus 2.2 replacements when
using R-SCS systems. Considering the average costs, a sim-
plified calculation showed that the replacement surgery
costswould be €25,741.6 for NR-SCS systems and €6,155.6 for
R-SCS systems over the expected lifetime of a patient. This
results in €19,586.00 savings on procedural costs per pa-
tient when using R-SCS systems. In our study, we also calcu-
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Figure 2. The average cost of rechargeable devices versus non-rechargeable devices throughout the patient’s lifetime based on age groups
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Figure 3. Percentage of cost savings per patient: Rechargeable device versus non-rechargeable device for a period of nine years

lated an average of 3% complication rate (procedural com-
plication with replacements, infections, etc.) that resulted
in an average complication cost of €1,220.35 over the life-
time of a patient when using R-SCS versus €2,872.36 when
using NR-SCS.

5. Discussion

Cost studies appear to be an essential part when in-
volving any high-level medical work or performing med-
ical material. Where such studies are conducted in refer-
ence to stimulation systems, they add a difficulty: the al-
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leged tolerance to treatment or the lack of functional re-
covery or improvement that a patient reaches when deal-
ing with these devices.

The study is not about the effectiveness of the system,
we performed a cost-benefit because we need to analyzed
the benefit of implanting a R-SCS vs NR-SCS. We assumed
that the system was effective given the time it was im-
planted in our patients. The objective of this study was to
verify if it was more cost-effective to implant an R-SCS sys-
tem versus an NR-SCS system at our center.

In all the analyses carried out, according to the life of
the patient, the average life of the generator and the ex-
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penses derived from the replacements in response to the
life expectancy of the patients, in a real sample of patients,
the result is favorable to implant immediately an R-SCS sys-
tem. Although when the focus is only put in the expense
caused by the replacements of an R-SCS system compared
to an NR-SCS system, only 51 patients (59.3%) would be the
candidates. When the economic difference is taken into
scope, it seems that it would be advisable to implanting
R-SCS systems, with a long-term benefit of €56,322.15. But,
when it is taken into account with the expense caused in
the patients who were candidates for an R-SCS system, the
saving was greater than €115,000, with a saving percentage
of greater than 61%.

On the other hand, although the half-life of the systems
is four years, it seems that the most repeated value was 2 -
3 years, seen in most recent studies of the economic ben-
efit of implanting a rechargeable system when the non-
rechargeable system lasts less than four years; therefore,
at this point, the implantation of this type of devices also
seems favorable compared to the implant of a conven-
tional system.

When a more detailed analysis was performed for the
population with high energy needs (n = 51), considering
the average cost of R-SCS systems versus NR-SCS systems
looking at the different age groups of the patients, it was
noted that the percentage of savings obtained was pro-
portional to the average duration of the NR-SCS device in
these age groups. Patients in which the R-SCS device would
generate higher savings, with 79% savings amounting to
almost €300,000, are those with higher energy needs; in
these patients, the average battery duration of NR-SCS sys-
tems was found to be averaging 16 months. One important
finding is that most of them were in the age range of 50 -
59 years, taking into account the fact that the average age
of the population was 58 years.

It is important to note that the comparative analysis
was made in a way to assess the difference in costs obtained
by the use of the R-SCS device versus NR-SCS device, during
the life of an R-SCS device. The study considered nine years
for R-SCS systems since two of the commercial houses had
this period of time accepted by the FDA, and that it was per-
formed on the energy profile of the sample of patients with
high needs that had an average of 30 months’ duration
of NR-SCS device. This study also observed that the length
of the device’s life of nine years would be expected to re-
sult in average savings per patient for 56% of the popula-
tion (about €30,000). The savings of the R-SCS implant ver-
sus NR-SCS systems appeared before the second year, with
saving close to 10%, resulting in savings up to 70% in nine
years.

When all these data are analyzed, it seems that the R-
SCS implants would result in a significant reduction in

costs compared to NR-SCS systems at all points analyzed.
According to these data, it seems clear that the first system
to be implemented is an R-SCS system although before the
conclusion of this assertion, certain aspects must be con-
sidered: the initial cost of the R-SCS system versus NR-SCS,
patients who fail therapy due to lack of effectiveness at two
years or earlier, and the energy needs of each patient and
pathology.

These three points must be analyzed before venturing
to make sure that an R-SCS system is to be implemented in
all patients and for every pathology and that they can be
corrected before the start of treatment. A good selection of
patients, with a correctanalysis of anatomical, clinical,and
psychosocial criteria, could clarify the second point and re-
move those patients who are not actually the candidates
for neurostimulation in general. A good patient selection
would also allow countering the initial cost of therapy,
with medication adjustment and visits to consultation and
emergency, which in some cases may also match this initial
cost. The other cardinal point that must be performed cor-
rectlyand thoroughly to avoid an economiclossis a correct
staging of a test phase. During the test period, the patient
and the physician must pursue realistic expectations with
the benefit that can be obtained from this treatment and
if the result is expected to be sustainable while at the same
time trying to avoid patients would get discouraged and
require the system’s to be explanted. During this phase,
the energy needs of each patient must also be calculated,
as well as the life expectancy of the system, so as to make
a selection for the appropriate device, taking into account
the energy needs and the pathology and evolution hereof,
as well as the abilities of the patient to properly function
and take care of the device and of course environmental
factors and compliance issues inherent to each patient. An
overview of considerations to choose NR-IPG versus R-IPG
isbased on the initial cost and maintenance cost, as well as
on other variables, the patient’s life expectancy, the type of
pathology in the diagnosis, the energy requirements such
as the parameters used, the time of use, the type of pro-
gramming (cyclic or continuous), and the estimated half-
life of the system once the trial period is carried out. The
physical constitution of the patient must also be taken into
account, especially in patients who are thinner or without
much adipose tissue an R-IPG system must be implanted,
compared to more obese patients in whom the size of the
system does not matter. The patient’s compliance must
be analyzed; finally, a vital importance today is the type of
wave (burst, HF, high density, etc.) that we want to use; if
our patients needed a new waveform, like HF, or Burst, en-
ergy requirements would make it impossible to use a NR-
SCS.

The results showed that using R-SCS, the number of re-
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placements was 2.6 to 4.2 times less compared to when us-
ing NR-SCS (6). With an average of 4.2 times, fewer replace-
ments were needed when using R-SCS in our study; thus,
we confirm the findings by Hornberger et al. (6).

With the introduction of novel waveforms, as men-
tioned in the introduction, a multi-waveform capable IPG
may be not only more clinically beneficial for patients’
therapeutic outcomes, but also more cost-beneficial and
cost-effective, as there will be less need for replacements
(12, 13) The reduced need for replacements lays in the fact
that treatment modalities may be switched right on the
implanted device (stimulation designs) without the need
for physical intervention. Furthermore, it has been shown
in several studies that the way stimulate patients can move
from non-responders to responders has changed, showing
that the change of mode of stimulation, can bear a signif-
icant improvement in patients (11, 17, 18). Therefore, these
multi-modality generators should be not only more effica-
cious clinically but also more cost-efficient than standard
single-waveform IPGs. Upgradability will further augment
this positive effect as updates may be downloaded into the
implants through an app-based solution. In the future,
we plan to do a cost-effectiveness analysis to include novel
stimulation designs and compare them with more tradi-
tional pain treatment paradigms.

Despite the data we obtained from this cost-benefit
study, we still believe that a general recommendation
should not be made, but a detailed study of each patient
and each case should be done, taking care of not only coats,
but also medical and social reasons in each environment.

Footnotes

Authors’ Contribution: David Abején performed all im-
plantations. David Abejon and Tim Vancamp were respon-
sible for analyzing the data. Tim Vancamp, Eva M. Monz6n,
and David Abejon drafted the paper. All authors provided
intellectual contributions to the manuscript and reviewed
the final manuscript prior to submission. All authors con-
tributed to the manuscript preparation in accordance with
the ICMJE guidelines for authorship.

Conflict of Interests: David Abejon is a consultant for
Cardiva, Medtronic Inc., Boston Scientific Inc., PRIM, and
Cobex. Tim Vancamp and Eva M. Monzén report no con-
flict of interest. The authors have no other relevant affilia-
tions or financial involvement with any organization or en-
tity with a financial interest in or financial conflict with the
subject matter or materials discussed in the manuscript
apart from those disclosed.

Ethical Approval: Ethical code was CEIMFJD-02/18.

Anesth Pain Med. 2020;10(1):e100308.

Funding/Support: No financial or other support was re-
ceived for the preparation of this manuscript.

Informed Consent: All patients gave informed consent.

References

1. North RB, Kidd DH, Zahurak M, James CS, Long DM. Spinal cord
stimulation for chronic, intractable pain: Experience over two
decades. Neurosurgery. 1993;32(3):384-94. discussion 394-5. doi:
10.1227/00006123-199303000-00008. [PubMed: 8455763].

2. Kemler MA, de Vet HC, Barendse GA, van den Wildenberg FA, van
Kleef M. Effect of spinal cord stimulation for chronic complex re-
gional pain syndrome type I: Five-year final follow-up of patients in
a randomized controlled trial. | Neurosurg. 2008;108(2):292-8. doi:
10.3171/JNS[2008/108/2/0292. [PubMed: 18240925].

3. Kumar K, Taylor RS, Jacques L, Eldabe S, Meglio M, Molet ], et
al. The effects of spinal cord stimulation in neuropathic pain are
sustained: A 24-month follow-up of the prospective randomized
controlled multicenter trial of the effectiveness of spinal cord
stimulation. Neurosurgery. 2008;63(4):762-70. discussion 770. doi:
10.1227/01.NEU.0000325731.46702.D9. [PubMed: 18981888].

4. Simpson EL, Duenas A, Holmes MW, Papaioannou D, Chilcott J. Spinal
cord stimulation for chronic pain of neuropathic or ischaemic ori-
gin: Systematic review and economic evaluation. Health Technol As-
sess. 2009;13(17):iii-1-154. doi: 10.3310/hta13170. [PubMed: 19331797].

5. Taylor RS, Ryan ], O'Donnell R, Eldabe S, Kumar K, North RB. The
cost-effectiveness of spinal cord stimulation in the treatment of
failed back surgery syndrome. Clin | Pain. 2010;26(6):463-9. doi:
10.1097/AJP.0bo13e3181daccec. [PubMed: 20551721].

6. Hornberger ], Kumar K, Verhulst E, Clark MA, Hernandez J. Recharge-
able spinal cord stimulation versus non-rechargeable system for pa-
tients with failed back surgery syndrome: A cost-consequences anal-
ysis. Clin | Pain. 2008;24(3):244-52. doi: 10.1097/A]P.0b013e318160216a.
[PubMed: 18287831].

7. Van Buyten P, Al-Kaisy A, Smet I, Palmisani S, Smith T. High-
frequency spinal cord stimulation for the treatment of chronic back
pain patients: Results of a prospective multicenter European clin-
ical study. Neuromodulation. 2013;16(1):59-65. discussion 65-6. doi:
10.1111/ner.12006. [PubMed: 23199157|.

8. Al-Kaisy A, Van Buyten JP, Smet I, Palmisani S, Pang D, Smith T.
Sustained effectiveness of 10 kHz high-frequency spinal cord stim-
ulation for patients with chronic, low back pain: 24-Month re-
sults of a prospective multicenter study. Pain Med. 2014;15(3):347-
54. doi: 10.1111/pme.12294. [PubMed: 24308759]. [PubMed Central:
PMC4282782].

9. De Ridder D, Vanneste S, Plazier M, Vancamp T. Mimicking the
brain: Evaluation of St Jude Medical’s Prodigy Chronic Pain system
with burst technology. Expert Rev Med Devices. 2015;12(2):143-50. doi:
10.1586/17434440.2015.985652. [PubMed: 25483825].

10. De Ridder D, Plazier M, Kamerling N, Menovsky T, Vanneste S.
Burst spinal cord stimulation for limb and back pain. World Neuro-
surg. 2013;80(5):642-9 el. doi: 10.1016/j.wneu.2013.01.040. [PubMed:
23321375).

11. De Ridder D, Lenders MW, De Vos CC, Dijkstra-Scholten C, Wolters
R, Vancamp T, et al. A 2-center comparative study on tonic ver-
sus burst spinal cord stimulation: Amount of responders and
amount of pain suppression. Clin | Pain. 2015;31(5):433-7. doi:
10.1097/AJP.0000000000000129. [PubMed: 24977394].

12. Annemans L, Van Buyten JP, Smith T, Al-Kaisy A. Cost effectiveness
of a novel 10 kHz high-frequency spinal cord stimulation system
in patients with failed back surgery syndrome (FBSS). J Long Term
Eff Med Implants. 2014;24(2-3):173-83. doi: 10.1615/jlongtermeffmedim-
plants.2014011685. [PubMed: 25272216].


http://dx.doi.org/10.1227/00006123-199303000-00008
http://www.ncbi.nlm.nih.gov/pubmed/8455763
http://dx.doi.org/10.3171/JNS/2008/108/2/0292
http://www.ncbi.nlm.nih.gov/pubmed/18240925
http://dx.doi.org/10.1227/01.NEU.0000325731.46702.D9
http://www.ncbi.nlm.nih.gov/pubmed/18981888
http://dx.doi.org/10.3310/hta13170
http://www.ncbi.nlm.nih.gov/pubmed/19331797
http://dx.doi.org/10.1097/AJP.0b013e3181daccec
http://www.ncbi.nlm.nih.gov/pubmed/20551721
http://dx.doi.org/10.1097/AJP.0b013e318160216a
http://www.ncbi.nlm.nih.gov/pubmed/18287831
http://dx.doi.org/10.1111/ner.12006
http://www.ncbi.nlm.nih.gov/pubmed/23199157
http://dx.doi.org/10.1111/pme.12294
http://www.ncbi.nlm.nih.gov/pubmed/24308759
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4282782
http://dx.doi.org/10.1586/17434440.2015.985652
http://www.ncbi.nlm.nih.gov/pubmed/25483825
http://dx.doi.org/10.1016/j.wneu.2013.01.040
http://www.ncbi.nlm.nih.gov/pubmed/23321375
http://dx.doi.org/10.1097/AJP.0000000000000129
http://www.ncbi.nlm.nih.gov/pubmed/24977394
http://dx.doi.org/10.1615/jlongtermeffmedimplants.2014011685
http://dx.doi.org/10.1615/jlongtermeffmedimplants.2014011685
http://www.ncbi.nlm.nih.gov/pubmed/25272216
http://anesthpain.com

Abejon D et al.

13.

14.

15.

VancampT,Vanneste S, Salaun B, Lenders MWPM, Plazier M, De Vos CC,
etal. Preliminary outcomes with a new stimulation design: Response
comparison and budgetimpact modeling. Annual meeting of the North
American Neuromodulation congress. Las Vegas, Nevada, USA. 2013.
INe. 2016, [cited 2016 Aug 29]. Available from: http://www.ine.es/ss/
Satellite?L=en_GB&c=INESeccion_C&cid=1259926380048&
p=1254735110672&pagename=ProductosY Servicios%
2FPYSLayout&param1=PY SDetalle&param3=1259924822888.
St. Jude Medical. Eon miniTM neurostimulation system clinician’s man-

16.

18.

ual. Plano, Texas; 2008.
Medtronic. RestoreULTRA™ multi-program rechargeable neurostimulator
implant manual. Minneapolis, Minn; 2008.

. Arango S, Abejon D. Burst stimulation: An alternative for patients

with failed therapeutic benefit from tonic stimulation (10616). Neu-
romodulation. 2016;19(3).

Pajuelo A, Abejon D, Vanneste S, De Ridder D, Vancamp T. From
tonic to burst: re-capturing pain relief: 10 June-105. Neuromodulation.
2015;18(6).

Anesth Pain Med. 2020;10(1):e100308.


http://www.ine.es/ss/Satellite?L=en_GB&c=INESeccion_C&cid=1259926380048&p=1254735110672&pagename=ProductosYServicios%2FPYSLayout&param1=PYSDetalle&param3=1259924822888
http://www.ine.es/ss/Satellite?L=en_GB&c=INESeccion_C&cid=1259926380048&p=1254735110672&pagename=ProductosYServicios%2FPYSLayout&param1=PYSDetalle&param3=1259924822888
http://www.ine.es/ss/Satellite?L=en_GB&c=INESeccion_C&cid=1259926380048&p=1254735110672&pagename=ProductosYServicios%2FPYSLayout&param1=PYSDetalle&param3=1259924822888
http://www.ine.es/ss/Satellite?L=en_GB&c=INESeccion_C&cid=1259926380048&p=1254735110672&pagename=ProductosYServicios%2FPYSLayout&param1=PYSDetalle&param3=1259924822888
http://anesthpain.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	4. Results
	Table 1
	Figure 1
	Table 2
	Figure 2
	Figure 3

	5. Discussion
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

